The choice of a wind turbine for a given site is a very significant operation. It is advised to make an in-depth study on the characteristics of the aerogenerator and the implantation site before any installation of a wind farm for choosing well the system best adapted to the energy needs. The objective of this study is to sensitize the users of the wind energy on the various problems involved in the aerogenerator installation on any site and to provide a decision-making aid to the judicious choice of the wind system best adapted. The idea is to estimate, for a selected implantation site, the energy production and the operating time of several wind systems. We can thus select the aerogenerator best adapted by making a compromise between a maximum recovery of energy and a high time of production. The influence height of the aerogenerator on energy profitability is also studied. We apply this step to the twenty six Tunisian synoptic sites by implantation scenarios of seven wind systems of various nominal speeds in function of the height.
Introduction
Face to the environmental problems caused by the greenhouse gas emissions during exploitation of the conventional resources, other alternative energy resources were and must continue to be developed. Among them, we can quote the inexhaustible renewable energy resources, which enable us to produce electricity more and more easily and properly.
In this study, we are mainly interested in the wind power which is regarded as a promising source in the improvement of the energy balance and the environmental preservation. In reality, the realization of a wind power station must take into account the wind resource. Thus, the study of the wind potential is a fundamental component of a wind project which determines the annual production and which allows the project manager to establish its business plan [1] [2] [3] [4] [5] [6] [7] [8] . An error of a few percentages in the evaluation of the wind potential can have disastrous consequences on the future profitability of the project.
In this study, we propose a practical approach enabling to estimate energy provided by a given wind system on an implantation site chosen. This approach, taken with several machines and for various heights above ground level, results in a phase of optimal choice of the best adapted aerogenerator to the retained site while basing itself on energy efficiency, economic and technical of wind installation.
This approach is applied to the twenty six synoptic sites distributed on all the Tunisian territory. The implantation scenarios carried out on seven different wind systems and according to the height, enable us to select the best adapted aerogenerators to the Tunisian sites.
Analysis of Measured Wind Data
The wind is a clean, renewable and increasingly economical energy; but it is a variable phenomenon. However, the wind energy production depends on this variation. Consequently, we need to evaluate the wind characteristics of the site to be able to conceive a wind project. In the same way, this study offers to the investors to determine the estimated production of the future wind installation.
Geographical Situation and Relief of Tunisia
First, Tunisia is a Mediterranean country of a surface of 164,154 km 2 . It is located between altitude 30˚N and 37˚N latitude and between 8˚E and 12˚E longitude [4, [9] [10] [11] . Its littoral extends on 1300 km and comprises five large gulfs. Tunisia has common borders with Algeria to the West and with Libya to the South. The country can be divided into three zones (Figure 1 -Littoral Tunisia which extends to the East from Bizerte to the Sahel (Sfax) composed primarily of hills and plains.
-Interior Tunisia composed essentially of mountains and valleys.
-Tunisian desert, which represents 55% of the whole of the Tunisian territory.
Surrounded by the Mediterranean, Tunisia has a Mediterranean climate to the North of the country and desert to the South. The climate is generally soft. The annual temperature varies between 10˚ and 20˚ in winter and between 20˚ and 36˚ in summer. The temperature can reach 45˚ in summer for the areas of the Tunisian South.
Methodology Used
To reveal the good sites of wind in Tunisia, it is necessary to evaluate the wind characteristics (mean speed, power density and available energy) in the 26 meteorological sites distributed on all the Tunisian territory. The analysis of the wind is carried out using the meteorological method [9] [10] [11] 
The characteristic speeds of the wind (the mean m , the most energetic e and the most frequent V V f V ) are defined by the following expressions:
The power density varies considerably according to the places and days'. It depends on the speed and on the wind frequency. The power density of the wind, per unit of surface swept by the turbine blades, is given by the following expression:
with  is the air density, equal to 1.225 Kg/m 3 for a temperature of 15˚C and a pressure of 1013 mb.
Similarly, the available wind potential in the study site, per unit area and for a year, is expressed by:
Frequency and Energy Distribution of the Wind Speed
Based on hourly meteorological data provided by the I.N.M. The result of the analysis of Figure 2 shows that the statistical distribution of the available wind energy is, because of the variation with the cube of the speed, shifted towards the high values of the wind speed: this explains why, for a given site, the most frequent speed contributes very slightly to total energy and is always lower at the most energetic speed; while the frequency of the most frequent speed is always superior than the frequency of the most energetic speed. Table 1 gives the numerical results of the wind characteristics (the mean speed m , the most frequent speed V f V , the most energetic speed e , the power density d and the available energy ) for the twenty six synoptic sites.
Analysis of Wind Characteristics
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At the height 11 m above ground level, the wind characteristics in Tunisia are modest. Indeed, the annual mean wind speed varies between a minimum of 2.09 m/s (in Kairouan) and a maximum of 5.45 m/s (in Thala). In Also, it was possible to establish maps of the annual spatial distribution of mean speed and available energy of wind for the whole country (Figures 3 and 4) . These cards, as was expected, have significant similarities and clearly indicate the regions most favorable for the exploitation of the wind energy in Tunisia.
Thus, the most interesting zones for the exploitation of the wind energy arise clearly (Figures 1 and 2) : they lie in the North, North-East, West and South of Tunisia. On the other hand, the zones where the annual mean wind speed is lower than 4 m/s, like the regions located inside the country in the North-West and South-East, are much less favorable to the use of the wind energy. As an example, in the Jandouba region, to recover a total energy identical to that which one can discount in Bizerte, it will be necessary to use a wind turbine of diameter more important and/or located on a higher pylon. The cost of the installation will be consequently much larger.
We also note that a variation of 30% of the annual mean wind speed from one site to another, which is not exceptional, involves a variation of wind energy of a factor 2 (for instance, see the characteristics of the Kasserine and Kebili sites).
Practically, it is interesting to implant the wind turbine distant from any obstacle and sufficiently high to take the maximum of energy [12] [13] [14] . That is why we are interested in the study of the influence of the mast height of the wind systems on energy profitability.
Influence of Height on the Wind Resource
The Von Karman theory showed that, for a flow under constant flux and neutral atmospheric conditions, the profile of the wind speed is a logarithmic curve of the form [11] [12] [13] [14] [15] :
with:   V h is the mean flow speed to altitude . h In the Tunisian meteorological stations, the wind speeds measurements are taken to 11 m height above ground level. These stations are often located at airports and having an open area roughness ( 0 Z = 0.07 m). So, to transpose the data that is available (at 11 m) at the level that interests us (such as the propeller height), it is nec-essary to correct the wind measurements.
If we relate the measured speed (at 11 m) at height , we obtain the following correction factor ( Figure  5) :
The new values of the wind characteristics  
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V V V P E calculated at the height h will be estimated directly starting from the wind characteristics to the height 11 m by the following relations:
Corrected mean speed:
Corrected most frequent speed:
Copyright © 2013 SciRes. SGRE Corrected most energetic speed:
Corrected power density:
Corrected available wind energy:
The vertical extrapolation of the measured wind characteristics at 11 m height to a desired height implies a relative gain in speed and a relative gain in power
For example, extrapolation of data measured at 100 m height enables an increase of 43% on the characteristic speeds (mean m V , energetic e V and frequent f V ) of the wind and 190% on the power density ( Figure 5 ).
Site-Wind Turbine Adaptation
Usable Wind Energy
The typical curve of a wind turbine is defined by Figure  6 . Because of the operating mode of the wind systems, recoverable energy at the exit of a wind system represents only one portion of the available energy in the wind [16] [17] [18] [19] .
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The usable wind energy varies both with the values of the machine characteristic speeds (cut-in speed d V , nominal speed n and cut-out speed c V ), i.e. with the type of wind turbine considered, and with the site via the wind frequency distribution
It is defined, per unit area and during one year, as follows:
The extrapolation of this energy in function of height h is written: 
The values of the characteristic speeds of a wind turbine depend on the type and the size of the wind machines.
They must be adapted in function of the wind characteristics of the establishment site. We study, for the 26 meteorological stations and the 7 types of wind turbines defined by , the wind energy ratio
and the annual operating time T f :
Let us note that f T is independent of the nominal speed of the machine. n V
Application to the Tunisian Meteorological Sites
The objective of this paragraph is to provide a help to The selected height is of 60 m above ground level, which corresponds to a corrective factor (60) = 75%, a relative gain in speed v = 33% and a relative gain in power density C G p G = 137% (compared to the speed and the power density at 11 m height). Table 2 gives the new values of the wind characteristics to the 60 m height.
For the 26 meteorological stations distributed on the whole of the Tunisian territory and for 7 chosen types of wind turbines, Figures 7 and 8 give the annual wind energy ratio u d E E and the annual operating time f T at the 60 m height.
The analysis of Figure 7 shows that:  For the most windy regions (sites of group A), the wind energy ratio increases with the nominal speed of the aerogenerator and varies between 60% and 95%.  For the regions of good wind potential (sites of group B), the wind energy ratio is less sensitive to the machines of nominal speeds superior or equal to 15 m/s and varies between 96% and 98% (except for the Kasserine site).  For the regions of average wind potential (sites of group C), the variation of the wind energy ratio is weak and varies between 97% and 98% for machines of nominal speeds superior or equal to 14 m/s (except for the Tabarka site).  For the slightly windy regions (sites of group D), the wind energy ratio is very high (superior to 90%) and varies little with the aerogenerator type.
The examination of Figure 8 shows that the annual percentage of the operating time of a wind system is better for the windiest regions (groups A and B). Indeed, this percentage varies between 64.5% (in Bizerte) and 80.6% (in Elborma). For the less windy regions (groups C and D), this percentage degrades and reaches the minimal value of 32.5% (in Kairouan).
The simultaneous comparison of the annual percentages of the operating time and the wind energy ratio shows the need to choose the type of machine which adapts better to the implantation site. Indeed, it is necessary to realize a compromise between a maximum recovery of energy, a high time of production, and a good economic and technical profitability of the installation. A satisfactory compromise would be obtained while choosing (Figure 8 
Conclusions
This study presents a practical approach of assistance for the wind systems exploitation adapted to the Tunisian sites. After the evaluation of the wind characteristics of the twenty six meteorological sites distributed on the Tunisian territory, we estimated the annual operating time and the wind energy which can provide a wind turbine given on the Tunisian sites. This estimate which was carried out for seven types of machines and a 60 m height above ground level gives a choice of the wind systems best adapted for the Tunisian meteorological sites, by taking into account energy, economic and technical efficiencies of the wind farm.
This estimate could be carried out for other types of machines and several heights above ground level and constitutes a decision-making aid tool to the appropriate choice of wind system.
The results of this work also enable us to avoid the bad wind turbine implantations in Tunisia that can have adverse consequences on the energy production. 
